Abstract: The Quaternary vertebrate fauna record of South America is characterized by the predominance of mammals, and the study of cave deposits can provide important information on their diversity and distribution. In Brazil, cave deposits have preserved remarkable fossil remains, including both large and small vertebrates, although the former have been the focus of most paleontological works. The fossils studied here came from Abismo Iguatemi, a karstic fissure located in the municipality of Apiaí, upper Ribeira River valley, Sã o Paulo, Brazil. Blocks of sediment collected from its floor yielded a large sample of micro-remains, mainly composed of fragmentary small vertebrate specimens. Taphonomic parameters suggest that the fossil elements entered the cave either by entrapment or transported by rain runoff, as partially decayed carcasses or isolated elements. A total of 35 taxa were recorded in Abismo Iguatemi, four of which are extinct. The number of identified specimens per taxon (NISP index) is the best estimator of number of individuals at the burial site. The comparison of this fauna to that of other Quaternary deposits and to the present biodiversity of different areas reveals low similarity. The identification of fossil organisms with different ecological requirements (extinct savannah organisms and extant dense-forest organisms) suggests the existence of time averaging and may reflect environmental changes in the vicinity of the cave during the late Pleistocene and Holocene.
INTRODUCTION
The abundance and diversity of mammals, including the megafauna, is remarkable in the Quaternary fossil record of South America. Important information on the mammalian diversity can be obtained through the study of cave deposits. Caves sometimes act as natural traps for living animals and burial sites for organic remains. These are often protected from the normal processes of disintegration, such as scavenging, erosion, and fluvial transportation (Behrensmeyer and Hook, 1992) . In the cave deposits, reworking and redeposition of skeletal remains by floods (Salles et al., 1999) and other fluvial activity (Sutcliffe, 1970) are common. The reliability of fossil deposits can be estimated by their completeness and by temporal or spatial averaging (Behrensmeyer and Kidwell, 1985; Behrensmeyer and Hook, 1992; Behrensmeyer et al., 2000) . Karst deposits usually represent local habitats (i.e., the remains are not transported beyond the life habitat of the fauna) and may be averaged over time intervals of 100 to 10,000 years (Behrensmeyer, 1988; Andrews, 1990, p. 93-95; Behrensmeyer and Hook, 1992) . These deposits typically include both large and small fossil vertebrates and are especially important for the latter, which are less commonly preserved in other depositional contexts (Andrews and Evans, 1983; Andrews, 1990, p. 1; Ferná ndez-Jalvo and Andrews, 1992) .
In Brazil, following the pioneer work of Peter Wilhelm Lund (Lund, 1840) , cave deposits provided a great deal of well-preserved fossil remains (Paula-Couto, 1953, p. 26-33) , and they have been continuously explored (Cartelle and Hartwig, 1996; Lessa et al., 1998; Salles et al., 1999; Santos et al., 2002) . Although the Quaternary fossil record shows high abundance and diversity of small mammals, these have been mostly disregarded in paleontological works in Brazil (Salles et al., 1999) . Stratigraphic control has often been poor, and taphonomic and geochronologic studies are scarce (Auler et al., 2006) . Concerning their age, Brazilian cave deposits are loosely dated as late Quaternary. Some authors (e.g., Cartelle, 1995) consider their faunas as contemporaneous and representative of the PleistoceneHolocene transition. Doubts about the synchronicity and age of these deposits have long been recognized (PaulaCouto, 1975) and are supported by the broad range of Useries dates reported for mammalian faunas of northeastern Brazilian caves (Auler et al., 2006) . Moreover, recent work has produced Pleistocene records for living genera, as well as early Holocene ages for extinct taxa (Baffa et al., 2000; Neves and Piló , 2003; Auler et al., 2006 , Hubbe et al., 2007 .
The fossil remains studied here were collected during September 2001 from a karstic fissure known as Abismo Iguatemi. Along with the blocks of sediment containing the micro-remains, macrofossils were recovered from the bottom of the cave, but no stratigraphic or taphonomic information was recorded. The site was first explored in November 1999 by Ferreira and Karmann, (2002) , who retrieved paleontological material, including remains of a ground sloth (Catonyx cuvieri), and the skull of a sabertooth cat (Smilodon populator). Postcranial elements possibly associated with that skull were described later (Castro and Langer, 2008) .
STUDY AREA
Abismo Iguatemi is located about 5 km southwest of the town of Apiaí, upper Ribeira River valley, Sã o Paulo, Brazil (Fig. 1) , in an area presently covered by ombrophilous dense (Mata Atlâ ntica) and secondary forests (Kronka, 2005, p. 53) . Many caves in the region were previously studied (Ameghino, 1907; Krone, 1950; PaulaCouto, 1954 PaulaCouto, , 1973 Lino et al., 1979; Barros Barreto et al., 1982) and yielded mainly megafauna remains. The 15 m deep and 44 m long fissure is formed in the intensely folded rocks of the Açungui Group (Middle Proterozoic), which includes metamorphized dolomitic limestones intercalated with insoluble lithologies (Auler and Farrant, 1996) . The deposits in the cave are mainly composed of black to reddish clay associated with larger clasts of limestone, filite, and calcite crusts. The poor sorting of the grains is probably related to water percolating through the fissure, as it is located in the middle of a gentle slope (Ferreira and Karmann, 2002) . The present access to the cave is limited to a small vertical slot.
ANALYSES AND RESULTS
The blocks of sediment were disintegrated in water and screen-washed using a 1 mm mesh. The recovered microremains are mainly fragmentary small vertebrate specimens ranging from a few millimeters to about 10 cm and are housed at Museu de Zoologia da Universidade de São Paulo. Several studies have demonstrated that a wide assortment of paleontological aspects, such as hydrodynamic sorting and preservational properties, are affected by the bone size (see Kowalewski and Hoffmeister, 2003) . To avoid any bias related to the choice of discrete size ranges, the total fraction of bioclasts was analyzed. This presumably provides a more accurate interpretation of the fossil assemblage by sampling a greater spectrum of organisms (Rodrigues and Simõ es, 2004) . The fragmentation and weathering (polishing and abrasion) of the fossils restricted their taxonomic assignments. Out of 4,534 recovered remains, 3% were taxonomically identified at generic or specific level, 13% at suprageneric levels (minimally class), and 41% were only anatomically identified. Besides mammalian specimens, which represented 74% of the taxonomically identified sample, amphibian (15%), reptilian (6%), and avian (5%) material was also collected.
TAPHONOMIC ASPECTS
The taxonomically or anatomically identified mammal elements are mostly fragmented and not articulated, except for series of a maximum of three vertebrae of small, indeterminate mammals. Large forms include only Smilodon populator, Catonyx cuvieri, and Glyptodon clavipes, the remains of which exhibit similar weathering to the remains of the small taxa. The polished and abraded surfaces, mostly concentrated on the extremities of the fossils, may be related to either pluvial transport into or reworking inside the cave. Spatial distribution of the bones is scattered, except for the remains of Smilodon populator and Cebus cf. C. nigritus, which were clustered, probably representing the disarticulation of single skeletons. Bone fractures are straight and uniform, a pattern frequently related to completely or partially mineralized material (Holz and Simõ es, 2002, p. 73) , which also suggests reworking.
The analyzed remains include 559 isolated teeth and 226 disarticulated vertebrae, which make a 2.47 ratio, consistent with fluvial transportation (Behrensmeyer and Dechant-Boaz, 1980) . In this case, however, the small proportion of vertebrae may be related to depletion during their transport by rain runoff or reworking inside the cave. Hydraulic sorting was estimated by Voorhies Groups (Voorhies, 1969; Behrensmeyer, 1975) , which classify bioclasts based on their dispersal trends. The allochthonous nature of the Abismo Iguatemi fossil assemblage is corroborated by the minor proportion of skeletal elements that tend to resist transportation, i.e., Group III, and the prevalence of Groups I and II (Table 1) , composed of, respectively, remains that tend to be promptly removed from carcasses and elements removed gradually. Accordingly, it is assumed that most of the fossilized mammalian fauna lived in habitats in the vicinity of the cave, not inside it.
Given the nearly vertical entrance of Abismo Iguatemi, likely sources of bioclasts are (1) the fall of animals into the natural trap, (2) floating carcasses or (3) isolated specimens of animals that died upslope and were washed into the cave, and (4) the animals that lived and died inside the cave. Based on the discussion above, we believe that most of the recovered material entered the cave from the third source, although the clustered remains with non-overlapping elements were probably accumulated by the first or second sources. The relatively scarce chiropteran record suggests that bats did not inhabit the cave; otherwise this group would be represented by more complete fossils and would be more abundant.
COUNTING INDIVIDUALS: MNI VERSUS NISP INDICES
Relative abundance of taxa in fossil assemblages is frequently estimated by the determination of the number of individuals per taxon. The numerical results may vary markedly with the adoption of different counting criteria, but the context of bone accumulation provides the required basis to decide which is more appropriate (Badgley, 1986) . If the material is widely dispersed due to extensive transportation and accumulated as isolated specimens, it is suitable to infer the number of individuals based on the number of specimens of each taxon (NISP index). This method assumes that the probability of association (i.e., that more than one skeletal element of a fossil assemblage belongs to the same individual) is zero. In contrast, determining the minimum number of individuals represented by multiple skeletal elements (MNI index) assumes a high probability of association and is appropriate for material that accumulated in articulated form and was later disarticulated by reworking, as occurs in natural traps (Badgley, 1986 ). Both approaches were tested here in an attempt to infer which better fits the studied case. Tooth locus determination was ambiguous for the molars of some rodents, especially for teeth considerably weathered on the occlusal surface that probably belonged to senile individuals. Accordingly, tooth locus was not used to determine MNI for Rodentia, so this index may be an underestimate for the group. A total of 35 taxa were recorded in Abismo Iguatemi (Figs. 2 and 3) , four of which are extinct, and the number of individuals per taxon estimated by both NISP and MNI indices is provided in Table 2 . Badgley (1986) suggested adopting the MNI index for natural-trap deposits because their fossil assemblages include articulated material, clustered skeletal elements of the same taxon, and relatively little bone damage. However, fossils from Abismo Iguatemi do not fit this combination of features: articulated sequences are rare, most material has a scattered spatial distribution and is polished or abraded. Indeed, the choice of the counting method must be based upon underlying assumptions on the probability of skeletal association, given the accumulation processes inferred from the taphonomic characteristics of the fossil assemblage. In Abismo Iguatemi, the MNI index is preferable if bioclastic sources 1, 2, or 4 (see above) occurred, while the NISP index is appropriate if mode 3 was the case. Relative abundance, using either NISP or MNI indices (Fig. 4) , reveals that rodents are the most abundant mammalian group recovered from Abismo Iguatemi, as also seen in the living fauna of the area (Silva, 2001 ).
COMPARING SITES
The mammalian fauna of Abismo Iguatemi was compared with that of several other Brazilian Quaternary deposits and with the present diversity of different modern habitats (Table 3) . Because species diversity consists of richness (the number of species) and evenness (or equitability) of species abundances, quantitative coefficients of similarity, i.e., Bray-Curtis and Morisita-Horn indexes, are considered more accurate than qualitative indexes (Magurran, 1988, p. 95-96) . However, because not all of the faunas with which Abismo Iguatemi was compared include abundance, Jaccard's qualitative index was adopted. This is based on the number of species in each sample, which were counted and weighted equally. Ten faunal lists were used for comparison, including five Quaternary fossils sites and five extant ecosystems. The latter include three areas of ombrophilous dense forest (Vaz, 2005) , two of which are near Abismo Iguatemi (Pianca, 2001; Instituto Ambiental do Paraná , 2002, p. VI 22-27) , as well as two savannah areas, one in the state of Sã o Paulo (Lyra-Jorge and Pivello, 2005; Talamoni, 1996) and another in Central Brazil (Passamani, 2004) . Out of the fossil assemblages used for comparison, three are located in the municipality of Iporanga, near Abismo Iguatemi (Ameghino, 1907; Paula-Couto, 1973; Lino et al., 1979; Barros Barreto et al., 1982) , and two in areas presently covered by savannah in Central Brazil (SouzaCunha and Guimarã es, 1982; Salles et al., 1999) . For comparison to the extant faunistic inventories, extinct taxa of Abismo Iguatemi (Smilodon populator, Catonyx cuvieri, and Glyptodon clavipes) were not considered. In order to match the restricted collection efforts of some inventories (e.g., non-flying mammals or exclusively small mammals), some taxa recorded in Abismo Iguatemi were excluded from the comparisons. In addition, because various faunal lists were uncertain about identification to species, the comparisons were conducted at the generic level.
Although generally low, Jaccard indices are higher for comparisons with living faunas (30% similarity on average) than with other fossil assemblages (17% on average). They are never above to 36% and 25%, respectively. Comparisons to faunas of either dense forest or savannah are similar. This may be a consequence either of timeaveraging in Abismo Iguatemi or many taxa with wide geographic distributions, living in different phytophysiognomies (see below).
DISCUSSION AND CONCLUSIONS
Regardless of the difficulties associated with the study of fossil assemblages composed of fragmentary remains, the attempt to extract additional information from Abismo Iguatemi revealed that skeletal remains probably entered this cave partially articulated (trapped or transported by rain runoff as partial or complete decaying carcasses) as well as in the form of isolated elements. The former was probably the case for the clustered elements of Smilodon populator, Catonyx cuvieri, and Cebus cf. C. nigritus. For the other taxa, the deposition of isolated specimens by transport was presumably more frequent. In this case, NISP values seem to better fit the faunistic composition of the studied deposit.
Although Brazilian cave deposits usually have been assigned to the Pleistocene-Holocene boundary, new radiometric dates challenge this assumption, suggesting a time span encompassing much of the upper Pleistocene and early Holocene (Auler et al., 2006; Hubbe et al., 2007 late Pleistocene age for these extinct species. Because of the likelihood of time-averaging in the deposit (see below), it is possible that its extant taxa are Holocene in age. This could be confirmed by radiometric dates. In the absence of these, and considering the poor stratigraphic control during the collection of the Abismo Iguatemi fauna, a more accurate chronologic assignation is unfeasible.
Along with absolute dates and taphonomic signatures, paleoecological data can also be used to identify timeaveraging in Quaternary assemblages. Paleoenvironmental inferences are best based on the known habitat requirements of extant species, or on fossils with adaptations to particular environments (Auler et al., 2006) . Almost half of the extant taxa recorded in Abismo Iguatemi are not informative for this sort of inference, because they occur over a wide geographic range, in both savannah and dense forested areas Wilson and Reeder, 2005 , p. 6-7, 12-17, 412, 440-441, 501-517, 540, 578, 644, 656, 1106 -1109 , 1140 -1143 , 1552 -1553 Voss et al., 2005) . On the other hand, among the extinct taxa, Glyptodon clavipes and Catonyx cuvieri are usually considered opencountry herbivores (Vizcaíno and Bargo, 1998; Ubilla and Perea, 1999; Perez et al., 2000) , possibly preyed upon by Smilodon populator, which is less confidently assigned to savannah habitats (Paula-Couto, 1979, p. 338-340; Kurtén and Werdelin, 1990) . Small mammals are usually considered good proxies for climatic conditions (Avery, 1982) , and some living taxa identified in the cave are endemic to ombrophilous dense forest (Mata Atlâ ntica), e.g., Didelphis aurita (Silva, 2001) , Blarinomys breviceps (Silva et al., 2003) , Kannabateomys sp., Wilfredomys sp., Trinomys sp., and Phyllomys sp. (Leite, 2003, p. 101) .
It is possible that all of the recovered taxa coexisted in a mosaic of savannah and moist habitats or, contrary to the currently accepted notion, that the extinct Glyptodon clavipes, Catonyx cuvieri, and Smilodon populator may have also inhabited forested areas, as has been inferred for other megafaunal elements in the Brazilian Amazon Rossetti et al., 2004; MacFadden, 2005) . Otherwise, we suggest that the occurrence in Abismo Iguatemi of organisms interpreted as having different ecological requirements is related to time-averaging, instead of spatial averaging, because karstic deposits have minimum transport beyond the immediate paleocommunity habitat (Behrensmeyer and Hook, 1992) . Indeed, this may be an example of an Environmentally Condensed Assemblage, where extended time-averaging allows finding specimens associated with different environments, of ecologically unrelated species, and with varied taphonomic signatures (Kowalewski, 1996) . The existence of two typical faunistic groups (extinct open field or savannah and extant ombrophilous dense forest organisms) suggests that environmental changes occurred in the Holocene of South America, when the establishment of a more humid phase would have caused the expansion of landscapes with denser vegetation and the extinction of the megafauna that inhabited open physiognomies (see de Vivo and Carmingnotto, 2004) . Some of the discussed uncertainties could be resolved with further studies; the Holocene age of the extant taxa could be confirmed by radiometric dating, while the habitat requirements of the herbivores could be determined by stable isotope methods. Ameghino (1907) and further alterations by Paula-Couto (1973) . b Lino et al. (1979) . c Barros Barreto et al. (1982) . d Salles et al. (1999) . e Souza-Cunha and Guimarã es (1982) . f Pianca (2000) . g Vaz (2005) . h IAP (2002). i Passamani (2004) . j Talamoni (1996) , Lyra-Jorge and Pivello (2005).
